ABSTRACT
INTRODUCTION
The molecular cloning of DNA sequences coding for human interferons in bacteria has revealed the existence of multiple molecular species of leukocyte interferon (LeIF, IFN-o) (refs. 1-5) and several of these species have been found to have distinct antiviral activity in various mammalian cell cultures (6, 7). Two of the 12 or more species of leukocyte interferon so far identified appear to comprise over 60 percent of the interferons present after induction of the human myeloblast cell line KG-1 (4). These two interferons are designated LeIF-A and LeIF-0 (4) or IFN-<» 2 Vesicular Stomatitis (VS) Virus (Indiana strain) was purchased from American Type Culture Collection and encephalomyocarditis (EMC) virus was grown and stored as described previously (13) . The Herpes Simplex Virus, Type 1 (HSV-1) used in this study was a fresh clinical isolate kindly provided by Or. Richard Glogau, San Francisco, and was passaged once in WISH cells prior to use on Vero cells.
Interferon Assays. The antiviral activities of bacterial extracts were routinely determined by plaque reduction assays as follows. Serial half-log,~ dilutions of samples were made directly in MEM containing 2 percent fetal calf serum. After removal of maintenance medium, 1 ml aliquots of the diluted samples were added to confluent monolayers of cell cultures in six-well Costar cluster dishes. The cell monolayers were incubated for 18-20 hrs at 37°C in 5 percent CO-atmosphere. Following incubation, the interferon was removed and an appropriate virus inoculum was added to each well. The virus was adsorbed for 1 hr, the inoculum removed, and the monolayer was covered with an overlay of 0.7 percent noble agar and minimal essential medium containing two percent fetal calf serum, penicillin (50 U/ml) and streptomycin (50 yg/ml). The infected Table 2 . These interferon titers were obtained The different plasmids were employed in a cell-free transcriptiontranslation system as described in Materials and Methods. The units of interferon were determined in a standard CPE inhibition assay using VS virus and the NIH LeIF standard.
The cpm for LeIF-D, -AD (Bgl) and -AD (Pvu) were obtained by multiplying the actual value by 6/7 to account for the additional methionine in the carboxy half of LeIF-D.
The values in parentheses are the specific activities as the percent of that of LeIF-A. Interferon titers are expressed as the logio dilution of an interferon preparation required to reduce VS virus plaque formation by 50 percent. All values are adjusted to reflect the differences in MDBK cell specific activities given in Table 1. by determining the dilution of bacterial interferon preparations (see Materials and Methods) needed to cause a 50 percent reduction of VS virus plaque number in the different types of cell cultures. To correct for the fact that different absolute amounts of interferons were present in each bacterial preparation, the titers have been adjusted to reflect the relative specific activities determined for MDBK cells (Table 1) . The adjusted values shown in Table 2 Table 1 .
cells with HSV-1 showed that both LeIF-A and -0 are less potent than either of the two hybrids and that LeIF-OA (JJaJJ, which has low activity against VS virus, is comparable in anti-HSV activity with LeIF-AD (Bgl) (Fig. 4) . Thus, the relative antiviral activities of the different cloned leukocyte interferons vary with the type of virus employed. It should be noted that the data presented in Figures 3 and 4 have not been adjusted to reflect the relative specific activities determined in vitro (Table 1) Table 1 .
antibody resulted in no loss of activity of any of these interferons. These interferons were stable to pH 2 treatment for 24 hrs and progressively lost activity when heated at 56°C for a similar period of time (data not shown). The various leukocyte interferon sub-types and hybrids considered here were all expressed under trp promoter control in £. coli in essentially identical manner. As a result, identical levels of expression might be expected, particularly considering the close structural similarity of the various interferons. The use of a cell-free transcription-translation system revealed that the actual amounts of protein made from purified plasmid DNA varied slightly more than two-fold (Table 1) . Comparison with earlier data for a range of mammalian cell types (7) needs to take account of these differences. In the case of LeIF-A, activity in mouse cells might also be affected by the presence of bacterial proteins (24). The relative specific activities of the hybrid interferons also differed significantly depending on which type of mammalian cells were used to assay biological activity (Tables 1 and 2 ). Taking into consideration the variability of standard CPE reduction assays (_50 percent), it is apparent that all the interferons have essentially the same specific activity when measured on MDBK cells. In contrast, in L-929 cells LeIF-AD (Bgl) has very pronounced activity which greatly exceeds the activity of either parental sub-type and the other hybrid, LeIF-OA (Bgl), regardless of the infecting virus (Fig. 3 ) . The ratio of activities of LeIF-AD (Bgl) on human WISH, bovine MDBK, and L-929 cells is 1:1:1 (Table 2) 
DISCUSSION

